ABSTRACT
INTRODUCTION
Statistical techniques are used to help describe complex systems; the main feature of this type of analysis and which makes it so valuable in the scientific environment is the ability to reduce data, which makes their interpretation much easier (MINGOTI, 2005) .
Factor analysis was used, among other applications, to the groundwater domain, in order to investigate: recharge areas in the Floridan aquifer system, located in Florida, United States (LAWRENCE and UPCHURCH, 1982) ; the contamination of the Ayamonte-Huelva aquifer system in the province of Huelva in Spain (GRANDE et al., 1996) ; the hydro-chemical evolution of groundwater in the province of Karnataka, in India (REGHUNATH et al., 2002) ; the quality of groundwater in a contaminated area in Taiwan (LIU et al., 2003) ; the concentration of heavy metals in Mirim Lagoon, on the border of Brazil and Uruguay (SANTOS et al., 2003) ; the level of natural radioactivity along the Gediz River Basin in Turkey (BAKAÇ, 2004) ; the influence of a landfill and domestic effluents on superficial waters of River Tarumã and its tributaries, located in Manaus, Brazil (SANTOS et al., 2006) ; the quality of groundwater of Deltaic Plain Sands aquifer of Warry, located in Nigeria (OLOBANIYI and OWOYEMI, 2006) ; the effects of high tides and anthropic actions along the coastal area of Cuddalore, Tamil Nadu, in India (SENTHILKUMAR et al., 2008) ; the quality of groundwater in the area including the CratoJuazeiro Graben, in the Araripe Sedimentary Basin, located in Southern Ceará, Northeast Brazil (MACHADO, 2005) ; the quality of groundwater stored in Dunes, Paleodunes, the Barreiras Formation and Migmatite Complex in areas of Fortaleza's metropolitan area in Northeast Brazil (FERNANDES, 2007) .
This paper was developed with data from the National Program for Water Resources Development -Proagua Nacional entitled: "Assessing water resources and proposing a shared management model for aquifers of the Apodi Plateau (Chapada do Apodi) between the states of Rio Grande do Norte and Ceará" and its goal is to describe geochemical processes which occur in Potiguar Basin's groundwater, stored in the Jandaíra limestone aquifer, using R-mode factor analysis. The area of research comprises important projects for irrigated horticulture and agriculture.
The continuity of these activities depends heavily on groundwater resources both in quantity and in quality. Thus the knowledge on the origin of salts dissolved is an important information.
MATERIAL AND METHODS
The Potiguar Basin is located in the state of Rio Grande do Norte and a small western part of it is in the state of Ceará. It is 200 km away from Fortaleza, in Northeast Brazil. The Açu Sandstone forms its base and its top consists of limestone of the Jandaíra formation, which occurs throughout the basin's territory. Figure 1 shows the area under study and the location of 87 wells where data were collected in both sampling campaigns.
Depths vary widely; Figure 2 shows a bar diagram.
Excellent quality of the soil, the presence of sunshine throughout the year, the availability of water from Jaguaribe River (supplied with water from Orós dam), the presence of groundwater and the use of appropriate technology have contributed to the area becoming economically important. Irrigated fruit farming is particularly active in Ceará's portion of the Apodi Plateau with the production of fruits for exports, especially melons and pineapples (MATIAS et al., 2003) . Groundwater samples were collected in the municipalities of Baraúna and Mossoró, in the state R-mode factor analysis was used to identify existing relationships between the studied variables (Mingoti, 2005) using WINSTAT software, with data being included into a Microsoft Office Excel spreadsheet.
FACTOR ANALYSIS
This analysis explains the information from a multi-variable matrix with many data in terms of the compound of few variables only, the so-called factors, which are vectors, orthogonal to each other within an abstract space, and are interpreted as common features that are not observed among original variables. Few factors should provide approximately the same information provided by the original set of data, reducing the system's complexity. High factor loading means that the variable makes a significant contribution to the formation of that factor. Factors are obtained after some kind of rotation has been performed to the original matrix of data, with the first factor always explaining the highest percentage value of total variance and the higher numbered ones explain progressively smaller portions of the variance. Table 1 shows a summary of statistics for the fifteen parameters analysed. R-mode factor analysis was performed on both sets of data using the centroid method and Varimax rotation. Table 3 shows eigenvalues of fifteen factors obtained in two simulations and the variance percentage explained by each factor. Tables 4 and 5 show respectively the results of this analysis for data collected in September 2009 and January 2010. In these two tables only those factors that contribute more than 1 % to the accumulated variance are listed. They show that the aquifer recharge decreased the sum of factor loadings of the two major factors, F1 and F2, and increased that of remaining factors.
RESULTS AND DISCUSSION
Figures 3a and 3b allow for comparing the contributions of each variable to the formation of factors F1 and F2, respectively. Figure 3a shows that the variables which contributed significantly to the formation of factor F1 in the dry period and in the rainy period were: Cl -, EC, hardness, Na + and Mg 2+ ; 2-only in the rainy period. Such results point to a change in water produced by recharge water in the aquifer. Figure 3b shows that the only variables that contributed significantly to the formation of factor F2 were bicarbonate, in both periods, and pH, in the dry period only. Table 6 compares factors F3 to F8 in both sets of samples. One can observe that, upon recharge, ions SO 4 2-and NH 4 + start contributing to factors that describe a greater share of data variance (sulfate migrated from factor F6 to F3 and ammonium from factor F7 to F6). There was also a precipitation of calcium (the ion Ca 2+ moved from F1 to F4, iron went from F3 to F8 while nitrate remained in factor F5. Geochemical processes involving calcium carbonate, iron carbonate, calcium sulfate and recharge water explain those changes. In the Jandaíra limestone aquifer, calcium carbonate, calcium sulfate and iron carbonate dissolution contributes to 
On the other hand, carbonate precipitation occurs when the calcium hardness, pH or alkalinity are increased: According to equation (4), Ca 2+ concentrations decrease, due to the precipitation of carbonate, and H + concentrations increase, causing pH to drop, which explains why in the analysis for January data the pH had a high loading in factor F7 only. The decrease in concentrations by precipitation is dominant over the dilution by recharge water; otherwise Mg 2+ concentrations (from dolomite dissolution) would also be changed in factor contributions, which is not the case.
In the presence of abundant HCO 3 -iron carbonate may precipitate as shown by the following equation (5). Elevated concentrations of Cl -and Na + result from the deposition of marine aerosol and the high solubility of NaCl.
The increase in NO 3 -and NH 4 + concentration suggests the recent arrival of water with high ammonium concentrations, certainly originating from the proximity of wells and septic tanks, both located for 'convenience' close to the houses.
In order to detect possible seasonal effects on the water chemistry two statistical tests were applied. The parametric T test shows that out of the fifteen parameters analyzed (Table 2) , only three, pH, SO 4 2-and CO 3 2-, showed a significant difference (between samples collected during September 2009 and January 2010) at a significance level of 5%. Applying the non-parametric Mann Whitney U-test, also Ca 2+ and K + enter this list at the same significance level of 5%. 
CONCLUSIONS
The survey area is extensive with varying stratigraphy which leads, in general, to high standard deviations and coefficients of variation. In addition, some of the chemical parameters suffer exogenous influences from localized contamination, such as the nitrogenous compounds NH 4 + , NO 2 -e NO 3 -, therefore producing elevated values of these statistical parameters.
The development of large-scale farming in the area suggests that the elevated standard deviation of chloride originates from the use of KCI in banana plantations, where potassium is absorbed by plants whereas chloride remains.
Geochemical processes change the ionic concentrations of water stored in Jandaíra aquifer due to the arrival of early recharge water at the onset of the rainy season. Elevated hardness is affected by the dissolution of aquifer rocks and the decrease usually occurs through dilution with less mineralized water and through the precipitation of minerals. , very common in the region. Easily detectable with factor analysis, the entry of contaminated water into the aquifer during recharge was identified by the presence of ammonium in the factors. Factors determined by R-mode statistics highlighted the changes in ionic concentrations, even when they were too small to be identified in individual results of hydro-chemical analysis of a large set of samples. Thus, R-mode statistical analysis has proven to be a very important tool in the study of hydro-geochemical processes.
